INTRODUCTION
============

*Alisma canaliculatum* A. Br. et Bouche (AC), a member of the plant family Alismataceae, is an herb commonly used in traditional Korean medicine. Alisma is called water plantain, or taeksa in Korea. Ever since the ban on adding antibiotics to animal feed, producers have sought alternative natural feedstuffs to meet the industry demands. Alisma has diuretic ([@b21-ajas-25-8-1159-14]), hepatoprotective ([@b15-ajas-25-8-1159-14]), antitumor ([@b18-ajas-25-8-1159-14]), and antibacterial effects on *Escherichia coli* ([@b31-ajas-25-8-1159-14]). Rhizoma Alismatis, which is dried tuber of AC, is the main medicinal part of the plant. Previous studies have shown that this part contains protostane triterpenes ([@b30-ajas-25-8-1159-14]; [@b42-ajas-25-8-1159-14]) such as alisol A, B, C, and its monoacetates, guaiane sesquiterpenes ([@b55-ajas-25-8-1159-14]; [@b41-ajas-25-8-1159-14]) such as alismols A, B, and C, and kaurane diterpenes ([@b34-ajas-25-8-1159-14]; [@b40-ajas-25-8-1159-14]).

The butanol fraction of AC has been shown to reduce the levels of blood glucose, plasma triglycerides, free fatty acids, and cholesterol in streptozotocin-induced diabetic rats ([@b25-ajas-25-8-1159-14]). In addition, the butanol fraction of AC was found to reduce peroxidative liver damage in streptozotocin-induced diabetic rats ([@b5-ajas-25-8-1159-14]).

Antioxidant and antidiabetic activities of AC were also observed in rats ([@b4-ajas-25-8-1159-14]). Protostane-type triterpenoids have been shown to inhibit the effects of type I-IV allergies in experimental models ([@b27-ajas-25-8-1159-14]), block nitric oxide production ([@b30-ajas-25-8-1159-14]), and display anti-complementary activities ([@b28-ajas-25-8-1159-14]). Further, methanol extract of *A. orientale* rhizome has been shown to enhance the activities of hepatic antioxidant enzymes such as epoxide hydrolase and glutathione S-transferase in bromobenzene-treated rats ([@b19-ajas-25-8-1159-14]).

Probiotics consist of various types of microorganisms that improve gut microflora and affect both the local and systemic immune systems by secreting beneficial enzymes, organic acids, vitamins, and nontoxic antibacterial substances upon ingestion ([@b20-ajas-25-8-1159-14]). Microbial species that have been used as probiotics include species of *Bacillus*, *Bifidobacterium*, *Enterococcus*, *E. coli*, *Lactobacillus*, *Lactococcus*, *Streptococcus*, a variety of yeast species, and undefined mixed cultures ([@b51-ajas-25-8-1159-14]). These groups differ from each other in their properties, origin, and mode of action. The advantages of probiotics include improved general health, feed conversion ratios, and growth rates, as well as increased disease resistance, milk yield, and egg production ([@b11-ajas-25-8-1159-14]; [@b1-ajas-25-8-1159-14]; [@b13-ajas-25-8-1159-14]; [@b32-ajas-25-8-1159-14]). Previous investigations into the modes of action of phytobiotic substances and probiotic strains have demonstrated the possibility of synergism between these classes of compounds and animal performance. [@b22-ajas-25-8-1159-14] suggested that plant extracts and *Lactobacillus* spp. could be used as alternatives to antibiotic growth promoters for improvement of the growth performance of broiler chicks. [@b48-ajas-25-8-1159-14] reported that fermented green tea improves weight gain and has no negative effect on the blood profile of post weaning Hanwoo calves. [@b23-ajas-25-8-1159-14] studied medicinal plants with probiotics and concluded that *A. canaliculatum*, *Viscum album*, and *Cornus officinalis* with probiotics could be used as replacements for antibiotics to increase the growth performance and immune response of growing pigs. In a broiler experiment, [@b16-ajas-25-8-1159-14] noted that *A. canaliculatum* probiotics exhibit high tolerance to acid, bile, and heat, inhibit *E. coli* proliferation, and have no adverse effects on broiler performance. Based on these observations, this experiment was designed to evaluate the effects of *A. canaliculatum* with probiotic strains (ACP) on the growth performance, carcass composition, meat yield, fatty acid composition, and oxidative stability of broiler meat.

MATERIALS AND METHODS
=====================

Selection of microbial strains and preparation of plant probiotics
------------------------------------------------------------------

### Microbial strains selection

A total of 16 strains, including *Lactobacillus acidophilus*, *L. plantarum*, *Enterococcus faecium*, *Bacillus subtilis*, *B. coagulans*, and *Saccharomyces cerevisiae* were used as candidate probiotic strains. These microbes are a part of the Korean Collection for Type Cultures (KCTC) and were obtained from the Korea Research Institute of Bioscience and Biotechnology. The culture media for the experimental strains were de Man, Rogosa, and Sharpe (MRS) medium (Difco, Detroit, MI, USA) for *Lactobacillus* spp., nutrient broth (NB) medium (Difco) for *Bacillus* spp., and yeast and mold (YM) medium (Difco) for yeast. To test the acid tolerance levels of the strains, simulated gastric juice was made according to a slightly altered method of [@b26-ajas-25-8-1159-14]. Experimental strains were injected into sterilized broth media (50 ml) and then cultivated at 37°C for 48 h. Each strain (1 ml) was inoculated into simulated gastric juice consisting of NB medium containing 1,000 U of pepsin/ml adjusted to pH 3 using 1 N HCl (50 ml) and also into sterilized NB medium adjusted to pH 7 (50 ml) as a control. *Lactobacillus* spp. and *Bacillus* spp. were incubated at 37°C and yeast at 30°C for 3 h Serial decimal dilutions in MRS agar medium for *Lactobacillus* spp., NB medium for *Bacillus* spp., and YM agar medium for yeast were prepared, after which aliquots (1 ml) from the dilutions were spotted onto MRS, NB, or YM agar plates for the purpose of determining the number of surviving cells. Each determination was done in triplicate. Bile tolerance was measured according to a slightly altered method of [@b38-ajas-25-8-1159-14]. Briefly, 1 ml of inoculation liquid of each strain was injected into sterilized NB medium with 0.3% hog bile acid or NB medium without hog bile acid as a control. To count cells displaying bile acid tolerance, the same methods as those used to measure acid tolerance. Only those experimental strains confirmed to possess strong acid and bile tolerance in the initial tests were selected for heat tolerance testing. Heat tolerance was tested according to a slightly altered method of [@b56-ajas-25-8-1159-14]. *Lactobacillus* spp. and *Bacillus* spp. were treated with heat at 80°C for 15 min, whereas yeast was treated at 70°C for 5 min. Heat-tolerant cells were counted by following the same method used for the acid tolerance test.

### Production of ACP

Strains selected according to their acid, bile, and heat tolerance were used for the preparation of ACP. Defatted rice bran and wheat bran, which are typically used in industry, were used as fermented solid media ([@b29-ajas-25-8-1159-14]). The ACP was produced as follows: *L. acidophilus* KCTC 3111 and *E. faecium* KCTC 2022 were added to media containing 20% AC dried rhizome powder, 60% defatted rice bran, and 20% wheat bran. The cultures were then fermented using a commercial fermenter (W-1000; Wonbalhyo Industry Co., Icheon, South Korea) at 40°C for 2 d with repeating cycles of 5 h of standing and 3 h of shaking. A second inoculation with *B. subtilis* KCTC 3239 and *S. cerevisiae* KCTC 7928 was performed, and the fermentation process was continued for 3 d. The number of cells in ACP was also measured. The ACP (1 g) was diluted with sterilized distilled water (10 ml) at room temperature for approximately 10 min, after which 1 ml was serially diluted 10-fold in 0.85% NaCl solution, cultured, and the number of colonies counted. All proximate components were determined by the method of [@b2-ajas-25-8-1159-14]. The number of microorganisms and chemical composition of ACP are shown in [Table 1](#t1-ajas-25-8-1159-14){ref-type="table"}.

Measurements and analyses
-------------------------

### Experimental design, birds, and diets

The experimental procedures used in this study were carried out under the guidelines of the animal policy of Sunchon National University, South Korea. A total of 140-d-old straight-run Ross broiler chicks were housed in a close, ventilated caged-broiler house in which they were raised for 24 h of daily light. The chicks assigned to four dietary treatments in five replications with seven birds per replication for a period of 35 d, following a completely randomized design. The dietary treatment groups were NC (Negative control; basal diet), PC (Positive control; basal diet with 0.005% Chlortetracycline), ACP-0.5% (basal diet with 0.5% ACP powder), and ACP-1% (basal diet with 1% ACP powder). Chlortetracycline (0.005%) was added to the basal diets at the expense of corn, whereas ACP (0.5% or 1%) was added to the basal diets by equally replacing corn and soybean meal. All birds received a starter diet from 0 to 3 wks and a finisher diet from 4 to 5 wks. All diets were formulated to meet or exceed the nutrient requirements of broiler chickens ([@b35-ajas-25-8-1159-14]; [@b46-ajas-25-8-1159-14]). The ingredients composition and estimated nutrient contents of the basal diets are shown in [Table 2](#t2-ajas-25-8-1159-14){ref-type="table"}.

### Growth performance, meat composition, internal organ development, and meat yield

Body weights were measured on a weekly basis from the initial day to the final day of the experiment. Feed intake was determined by measuring feed residue on a weekly basis from the beginning of the experiment. Feed conversion ratio (FCR) was obtained by dividing the feed intake by body weight gain. At the end of the experiment, three broilers per replication were slaughtered and samples collected. Organ development was determined by calculating the weights of the individual organs with respect to body weight. Breast and thigh meat absolute weights were also measured and their relative weights (percent to the body weight) calculated. Moisture, crude protein, crude fat, and ash percentage of the meat samples were analyzed according to the [@b2-ajas-25-8-1159-14].

### Oxidative stability and fatty acid composition of meat

For determination of the oxidative stability of broiler breast and thigh meats, meat samples were preserved in a refrigerator at 4.5°C, and thiobarbituric acid reactive substances (TBARS) values of meat were assayed when fresh as well as at 1 and 2 wks according to the method of [@b49-ajas-25-8-1159-14]. TBARS values are expressed as micromoles of malondialdehyde (MDA) per 100 g of meat sample. Breast and thigh meat fatty acids were determined by the methyl ester extraction method according to [@b54-ajas-25-8-1159-14], and fatty acids were identified by matching their retention times with those of their relative standards (Polyunsaturated fatty acid-2, Animal Source, SUPELCO, Bellefonte, PA, USA) as well as the Food Composition Table ([@b37-ajas-25-8-1159-14]).

### Statistical analysis

All data were analyzed using the GLM procedure of[@b50-ajas-25-8-1159-14]. Microbial numbers were logarithmically transformed (log~10~ cfu/ml or log~10~ cfu/g) before analysis. For the other parameters, data were analyzed to estimate variance components for a completely randomized design. Duncan's multiple range tests were used to examine significant differences among the treatment means. All data are presented as mean±SE. The level of statistical significance was preset at p\<0.05.

RESULTS AND DISCUSSION
======================

Growth performance
------------------

Dietary supplementation of ACP affected the growth-related performance of broilers. Data shown in the [Table 3](#t3-ajas-25-8-1159-14){ref-type="table"} revealed that final body weight and body weight gain at the finisher and total periods were higher (p\<0.05) in the ACP-0.5% group compared to the NC and ACP-1% groups. The ACP-0.5% group also consumed higher amounts of (p\<0.05) feed at the finisher and total periods compared to that of the ACP-1% group. Higher FCR was observed in the PC and ACP-0.5% groups at the finisher period, but when considering the total period, the ACP-0.5% group had a higher FCR compared to the NC group (p\<0.05).

AC is not regularly used in the livestock industry. Accordingly, previous studies have mainly focused on its diuretic and hepatoprotective effects in laboratory animals. Recently, there have been attempts to evaluate their effects on pig and broiler nutrition. Body weight is commonly used to monitor the nutritional status and growth of animals ([@b36-ajas-25-8-1159-14]). Supplementation of ACP at 0.5% to the basal diet increased body weight gain and improved FCR of broilers in this study, which indicates that there may be a synergistic effect between the AC components and probiotic metabolites. The level of feed consumption is a basic and important factor that determines the rate of growth and body composition achieved by animals throughout their lifecycles ([@b44-ajas-25-8-1159-14]). The decrease in feed intake as well as weight gain could be due to reduced palatability of the experimental diet following the addition of a higher level (1%) of ACP. [@b16-ajas-25-8-1159-14] and [@b47-ajas-25-8-1159-14] found no negative effect in body weight gain and FCR when broiler was treated with ACP at 0.5%. Moreover, the butanol fraction of *A. canaliculatum* with selenium has been shown to increase the body weight of streptozotocin-induced diabetic rats ([@b25-ajas-25-8-1159-14]). In contrast, [@b24-ajas-25-8-1159-14] reported a poor FCR in AC (0.5%)-fed broilers during the finishing period. The results of phytobiotic and probiotic application to broiler diets are not completely consistent. Some researchers have reported significant positive effects on performance ([@b7-ajas-25-8-1159-14]; [@b33-ajas-25-8-1159-14]), whereas another group reported no influence on weight gain, feed consumption, or feed efficiency ([@b43-ajas-25-8-1159-14]; [@b49-ajas-25-8-1159-14]). In summary, researchers have mainly found that these groups of additives have great potential, but the right combination and doses have yet to be determined.

Meat composition, meat yield, and internal organ development
------------------------------------------------------------

ACP-0.5% diet increased (p\<0.05) crude protein content in breast meat compared to the NC group ([Table 4](#t4-ajas-25-8-1159-14){ref-type="table"}). In thigh meat, crude fat content was lower (p\<0.05) in the supplemented groups compared to the NC group. Breast meat absolute and relative weights (in relation to body weight) were higher (p\<0.05) in the supplemented groups compared to the NC group ([Figure 1](#f1-ajas-25-8-1159-14){ref-type="fig"}). [Table 5](#t5-ajas-25-8-1159-14){ref-type="table"} shows that ACP diets increased (p\<0.05) gizzard weight compared to the other diets. Further, kidney weight decreased (p\<0.05) in the ACP-1% group, whereas the supplemented groups had a lower (p\<0.05) large intestine weight compared to the NC group.

Supplementation of ACP at 0.5% increased the crude protein content in breast meat and decreased crude fat content in thigh meat. This finding is consistent with studies by [@b16-ajas-25-8-1159-14] and [@b47-ajas-25-8-1159-14], who reported higher crude protein content in breast meat of ACP (0.5%)-fed broilers. However, [@b16-ajas-25-8-1159-14], [@b17-ajas-25-8-1159-14]) observed lower crude protein content in thigh meat of broilers that consumed a diet containing 0.5% and 1% ACP. In a recent report, [@b24-ajas-25-8-1159-14] noted that AC is able to decrease the crude protein content of broiler breast meat. Reduction of crude fat content by supplementation of ACP was also reported in broiler breast meat ([@b16-ajas-25-8-1159-14]) and pork loin meat ([@b23-ajas-25-8-1159-14]). Therefore, the observed increase in crude protein content and decrease in crude fat content in the ACP-0.5% group was possibly an associative effect between the probiotic metabolites and AC components on protein and lipid digestion and metabolism.

Supplementation of ACP increased gizzard relative weight but decreased large intestine weight, although a higher level (1%) of ACP had a negative effect on kidney weight. Increased gizzard weight ([@b17-ajas-25-8-1159-14]) and decreased kidney weight ([@b16-ajas-25-8-1159-14]) have also been reported upon supplementation of ACP to broiler diets. However, [@b24-ajas-25-8-1159-14] observed decreased gizzard weight in AC-fed broilers. However, there have been no reported changes in the relative weights of internal organs from broilers fed *Lactobacillus* spp. and medicinal plants ([@b14-ajas-25-8-1159-14]; [@b3-ajas-25-8-1159-14]). Further, addition of ACP to broiler diets increased breast meat absolute and relative weights. To the best of our knowledge, no other studies are available for comparison. [@b53-ajas-25-8-1159-14] reported a 7.9% breast meat yield advantage using plant extract supplementation as opposed to antibiotic treatment. However, [@b12-ajas-25-8-1159-14] previously observed that meat yield was not affected by the plant extracts. Previous studies indicated that probiotics had a positive effect on broiler meat yield. [@b10-ajas-25-8-1159-14] reported higher breast meat yield in a probiotic-supplemented group, whereas [@b39-ajas-25-8-1159-14] observed that broilers fed probiotics showed higher thigh yield at 45 days of age. The increase in breast muscle weight in the ACP groups indicates a possible effect of the plant constituents and probiotic preparations on the production of musculature in broilers.

Oxidative stability of meat
---------------------------

Supplementation of ACP had an effect on the oxidative stability of meat ([Figures 2](#f2-ajas-25-8-1159-14){ref-type="fig"} and [3](#f3-ajas-25-8-1159-14){ref-type="fig"}). ACP groups had lower (p\<0.05) TBARS values after wks 1 and 2 of preservation as well as average values in breast and thigh meat compare to NC group. In terms of TBARS values among the supplemented groups, the ACP-0.5% group was not significantly different from the PC group, whereas the ACP-1% group had the lowest (p\<0.05) values.

Lipid oxidation is one of the primary mechanisms of quality deterioration in meat products through adverse changes in flavor, color, texture, and nutritive value ([@b52-ajas-25-8-1159-14]). The TBARS test is the most widely used method for quantifying lipid oxidation development in meat and meat products. The results from the TBARS test provided evidence that ACP supplementation could improve oxidative stability in broiler meat. This finding is consistent with studies by [@b17-ajas-25-8-1159-14] and [@b47-ajas-25-8-1159-14], who found lower TBARS values in ACP-supplemented broiler meat. However, [@b16-ajas-25-8-1159-14] observed no changes after 1 week of preservation. The antioxidant activity of plant extracts is mainly related to the presence of phenolic compounds. Moreover, compounds such as flavonoids and terpenoids also present antioxidant activity ([@b45-ajas-25-8-1159-14]). In addition, antioxidative activities have been reported in probiotic strains such as *Saccharomyces cerevisiae* by [@b57-ajas-25-8-1159-14]. Further, AC or its constituents have been reported to possess potent antioxidant properties ([@b5-ajas-25-8-1159-14]). [@b19-ajas-25-8-1159-14] reported that methanol extract of *A. orientale* rhizome can enhance the activities of hepatic antioxidant enzymes such as epoxide hydrolase and glutathione S-transferase. These substances may intercept and neutralize free radicals, preventing propagation of the oxidation process.

Fatty acid composition of meat
------------------------------

Fatty acid compositions of breast and thigh meats are shown in [Table 6](#t6-ajas-25-8-1159-14){ref-type="table"} and [7](#t7-ajas-25-8-1159-14){ref-type="table"}. ACP groups had lower (p\<0.05) arachidonic acid and total n6 fatty acid contents in breast meat compared to the NC group. Docosahexaenoic acid and PUFA contents were also lower (p\<0.05) in the ACP groups compared to the NC and PC groups. In thigh meat, content of palmitoleic acid increased in the ACP-1% group, whereas that of docosahexaenoic acid decreased in the ACP-0.5% group compared to the NC group (p\<0.05). NC group had higher (p\<0.05) linoleic acid, PUFA, PUFA/SFA, and n6 fatty acid contents compared to the other groups. Although PUFA and n6 fatty acid contents changed, the UFA/SFA and n6/n3 ratios were unaffected (p\>0.05) in both breast and thigh meats.

In terms of human health, the fatty acid composition of meat products is an important parameter of meat quality. Further, the role of the PUFA/SFA ratio for this purpose has decreased while that of the total n6/n3 ratio has increased ([@b8-ajas-25-8-1159-14]). Upon supplementation of ACP, the levels of arachidonic acid and docosahexaenoic acid decreased, which affected the PUFA and total n6 fatty acid contents of breast meat. On the other hand, reduction of linoleic acid content led to decreased levels of PUFA, PUFA/SFA, and total n6 fatty acids in thigh meat. These results suggest that ACP has an effect on fat metabolism. This finding coincides with [@b17-ajas-25-8-1159-14], who reported lower PUFA and total n6 fatty acid contents in ACP (1%)-fed broiler meat featuring rhizome. Nevertheless, [@b24-ajas-25-8-1159-14] found higher linoleic acid and lower arachidonic acid contents in breast meat upon supplementation with AC (0.5%), but no changes in PUFA content. Alteration of PUFA and total n6 fatty acid levels had no influences the UFA/SFA or n6/n3 ratio in both breast and thigh meats in this study. It is well accepted that the inclusion of probiotics such as *Saccharomyces* can increase the linolenic acid content and UFA/SFA ratio in pectoral meat of broilers through a positive effect on the intestinal flora ([@b9-ajas-25-8-1159-14]). However, [@b16-ajas-25-8-1159-14] observed that ACP (0.5%) diet is able to increase PUFA and total n3 fatty acid contents in broiler meat, resulting in a decreased n6/n3 ratio. As we have no information about the fatty acid composition of AC and ACP, it is evident that the fatty acid composition of the feed is the most important determinant of the fatty acid composition of the resulting broiler breast and thigh meats (Cortinas et al., 2004). The inconsistent results could be attributed to the species, strains, and survivability of the probiotic microorganisms, in addition to the plant bioactive components, plant fatty acid profile, and dietary supplementation levels.

CONCLUSIONS
===========

Plant extracts present some advantages compared to traditional antimicrobials as the latter have a single active principle. Since probiotic microbes have different beneficial properties, an optimal product may require a combination of several strains. ACP tested in this study was a combination of *A. canaliculatum* and multi probiotic strains, and exhibited a high tolerance to acid, bile, and heat. Results indicated that ACP-0.5% diet increased body weight, improved FCR, and had a positive effect on carcass composition. It also increased gizzard relative weight but had no negative effect on kidney relative weight. Supplementation of ACP improved oxidative stability of both breast and thigh meats, although it affected fatty acid composition. Future studies are needed to ascertain the fatty acid metabolism of AC and ACP. Therefore, broiler producers can incorporate ACP at a level of 0.5% into the broiler diets as a potential feed additive.
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![Effect of *Alisma canaliculatum* with probiotics on thiobarbituric acid reactive substance (TBARS) values of breast meat (n = 15 for each treatment). TBARS values are expressed as micromoles of malondialdehyde (MDA) per 100 g of meat. Data are presented as the mean±SE. Bars within a time class not sharing a common letter are significantly different (p\<0.05). NC = Negative control (basal diet); PC = Positive control (basal diet with 0.005% Chlortetracycline); ACP = *Alisma canaliculatum* with probiotics.](ajas-25-8-1159-14f2){#f2-ajas-25-8-1159-14}
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###### 

The number of microbial strains in ACP and chemical compositions of AC and ACP

  Microbial strains in ACP                Microbes number (cfu/g)   
  --------------------------------------- ------------------------- -------
  *Lactobacillus acidophilus* KCTC 3111   2.6×10^7^                 
  *Enterococcus faecium* KCTC 2022        2.0×10^8^                 
  *Bacillus subtilis* KCTC 3239           2.3×10^8^                 
  *Saccharomyces cerevisiae* KCTC 7928    3.6×10^8^                 
                                                                    
  Chemical composition (% dry matter)     AC                        ACP
                                                                    
   Moisture                               7.86                      12.61
   Crude protein                          22.79                     17.95
   Crude fat                              6.03                      6.29
   Crude fiber                            5.12                      3.79
   Crude ash                              3.95                      4.82

AC = *Alisma canaliculatum*; ACP = *Alisma canaliculatum* with probiotics.

###### 

Feed ingredients and chemical compositions of the broiler basal diets

  Ingredients (%)                                                           Starter (0 to 3 wk)   Finisher (4 to 5 wk)
  ------------------------------------------------------------------------- --------------------- ----------------------
  Corn grain                                                                57.58                 59.96
  Soybean meal                                                              26.59                 25.49
  Corn gluten                                                               5.00                  4.24
  Soybean oil                                                               2.20                  1.55
  Animal fats                                                               4.50                  5.00
  Salt                                                                      0.25                  0.25
  Dicalcium phosphate                                                       2.14                  2.0
  Limestone                                                                 0.92                  0.88
  Vitamin-mineral premix[1](#tfn2-ajas-25-8-1159-14){ref-type="table-fn"}   0.30                  0.30
  Choline                                                                   0.08                  0.07
  L-lysine                                                                  0.24                  0.16
  Methionine                                                                0.20                  0.10
  Calculated composition (% dry matter)                                                           
   Crude protein                                                            22.10                 20.30
   Crude fat                                                                4.00                  4.50
   Crude ash                                                                7.80                  8.00
   Crude fiber                                                              6.00                  6.23
   Methionine                                                               0.61                  0.55
   Calcium                                                                  0.83                  0.77
   Available phosphorus                                                     0.55                  0.51
   ME (kcal/kg)                                                             3,110                 3,175

Provided the following nutrients per kg of diet: vitamin A, 6,000 IU; vitamin D~3~, 800 IU; vitamin E, 20 IU; vitamin K~3~, 2 mg; thiamin, 2 mg; riboflavin, 4 mg; vitamin B~6~, 2 mg; vitamin B~12~, 1 mg; pantothenic acid, 11 mg; niacin, 10 mg; biotin, 0.02 mg; Cu, 21 mg; Fe, 100 mg; Zn, 60 mg; Mn, 90 mg; I, 1.0 mg; Co, 0.3 mg and Se, 0.3 mg.

###### 

Effect of *Alisma canaliculatum* with probiotics on growth performance of broilers

  Parameter                           Treatments                                                                                                                                                                                                
  ----------------------------------- ------------------------------------------------------------------- ------------------------------------------------------------------- ----------------------------------------------------------------- -----------------------------------------------------------------
  Body weight (g/bird)                                                                                                                                                                                                                          
   Day old                            43.63±0.27                                                          43.44±0.26                                                          43.07±0.19                                                        43.32±0.21
   3rd wk                             917.32±20.66                                                        940.16±10.38                                                        954.63±17.29                                                      912.72±17.61
   5th wk                             1,637.88[b](#tfn3-ajas-25-8-1159-14){ref-type="table-fn"}±74.91     1,761.38[ab](#tfn3-ajas-25-8-1159-14){ref-type="table-fn"}±69.88    1,895.66[a](#tfn3-ajas-25-8-1159-14){ref-type="table-fn"}±51.05   1,626.23[b](#tfn3-ajas-25-8-1159-14){ref-type="table-fn"}±53.61
  Body weight gain (g/bird)                                                                                                                                                                                                                     
   Starter (0 to 3 wk)                873.69±20.92                                                        896.72±10.14                                                        911.56±17.77                                                      869.41±17.58
   Finisher (4 to 5 wk)               720.57[b](#tfn3-ajas-25-8-1159-14){ref-type="table-fn"}±65.17       821.22[ab](#tfn3-ajas-25-8-1159-14){ref-type="table-fn"}±60.99      941.04[a](#tfn3-ajas-25-8-1159-14){ref-type="table-fn"}±46.68     713.51[b](#tfn3-ajas-25-8-1159-14){ref-type="table-fn"}±51.07
   Total (0 to 5 wk)                  1,594.25[b](#tfn3-ajas-25-8-1159-14){ref-type="table-fn"}±75.04     1,717.94[ab](#tfn3-ajas-25-8-1159-14){ref-type="table-fn"}±69.72    1,852.60[a](#tfn3-ajas-25-8-1159-14){ref-type="table-fn"}±50.95   1,582.92[b](#tfn3-ajas-25-8-1159-14){ref-type="table-fn"}±53.75
  Feed intake (g/bird)                                                                                                                                                                                                                          
   Starter (0 to 3 wk)                1,255.91±25.01                                                      1,286.38±16.69                                                      1,299.50±15.89                                                    1,272.91±15.96
   Finisher (4 to 5 wk)               1,521.59[ab](#tfn3-ajas-25-8-1159-14){ref-type="table-fn"}±93.20    1,583.66[ab](#tfn3-ajas-25-8-1159-14){ref-type="table-fn"}±111.68   1,751.85[a](#tfn3-ajas-25-8-1159-14){ref-type="table-fn"}±42.34   1,382.66[b](#tfn3-ajas-25-8-1159-14){ref-type="table-fn"}±66.41
   Total (0 to 5 wk)                  2,777.50[ab](#tfn3-ajas-25-8-1159-14){ref-type="table-fn"}±110.21   2,870.03[ab](#tfn3-ajas-25-8-1159-14){ref-type="table-fn"}±125.69   3,051.36[a](#tfn3-ajas-25-8-1159-14){ref-type="table-fn"}±51.11   2,655.57[b](#tfn3-ajas-25-8-1159-14){ref-type="table-fn"}±67.42
  Feed conversion ratio (feed/gain)                                                                                                                                                                                                             
   Starter (0 to 3 wk)                1.44±0.01                                                           1.44±0.01                                                           1.43±0.02                                                         1.47±0.02
   Finisher (4 to 5 wk)               2.13[a](#tfn3-ajas-25-8-1159-14){ref-type="table-fn"}±0.08          1.93[b](#tfn3-ajas-25-8-1159-14){ref-type="table-fn"}±0.03          1.87[b](#tfn3-ajas-25-8-1159-14){ref-type="table-fn"}±0.07        1.95[ab](#tfn3-ajas-25-8-1159-14){ref-type="table-fn"}±0.04
   Total (0 to 5 wk)                  1.74[a](#tfn3-ajas-25-8-1159-14){ref-type="table-fn"}±0.02          1.67[ab](#tfn3-ajas-25-8-1159-14){ref-type="table-fn"}±0.01         1.65[b](#tfn3-ajas-25-8-1159-14){ref-type="table-fn"}±0.04        1.68[ab](#tfn3-ajas-25-8-1159-14){ref-type="table-fn"}±0.02

Values with different superscripts in the same row differ significantly (p\<0.05).

NC = Negative control (basal diet); PC = Positive control (basal diet with 0.005% Chlortetracycline); ACP = *Alisma canaliculatum* with probiotics.

###### 

Effect of *Alisma canaliculatum* with probiotics on broiler meat composition (n = 15 for each treatment)

  Parameter         Treatments                                                                                                                                                                                 
  ----------------- ------------------------------------------------------------- -------------------------------------------------------------- ------------------------------------------------------------- --------------------------------------------------------------
  Breast meat (%)                                                                                                                                                                                              
   Moisture         74.11±0.24                                                    73.93±0.25                                                     73.37±0.28                                                    73.95±0.13
   Crude ash        1.46±0.07                                                     1.42±0.11                                                      1.41±0.06                                                     1.31±0.06
   Crude fat        0.29±0.08                                                     0.26±0.03                                                      0.28±0.04                                                     0.26±0.09
   Crude protein    24.14[b](#tfn5-ajas-25-8-1159-14){ref-type="table-fn"}±0.22   24.39[ab](#tfn5-ajas-25-8-1159-14){ref-type="table-fn"}±0.28   24.95[a](#tfn5-ajas-25-8-1159-14){ref-type="table-fn"}±0.26   24.49[ab](#tfn5-ajas-25-8-1159-14){ref-type="table-fn"}±0.13
  Thigh meat (%)                                                                                                                                                                                               
   Moisture         76.43±0.24                                                    76.65±0.23                                                     76.54±0.56                                                    76.86±0.23
   Crude ash        1.24±0.04                                                     1.19±0.07                                                      1.18±0.04                                                     1.18±0.04
   Crude fat        0.76[a](#tfn5-ajas-25-8-1159-14){ref-type="table-fn"}±0.06    0.45[b](#tfn5-ajas-25-8-1159-14){ref-type="table-fn"}±0.02     0.42[b](#tfn5-ajas-25-8-1159-14){ref-type="table-fn"}±0.02    0.47[b](#tfn5-ajas-25-8-1159-14){ref-type="table-fn"}±0.08
   Crude protein    21.58±0.20                                                    21.72±0.18                                                     21.86±0.55                                                    21.49±0.23

Values with different superscripts in the same row differ significantly (p\<0.05).

NC = Negative control (basal diet); PC = Positive control (basal diet with 0.005% Chlortetracycline); ACP = *Alisma canaliculatum* with probiotics.

###### 

Effect of *Alisma canaliculatum* with probiotics on relative internal organ weights of broilers (percentage in relation to body weight) (n = 15 for each treatment)

  Parameter         Treatments                                                                                                                                                                               
  ----------------- ------------------------------------------------------------ ------------------------------------------------------------- ------------------------------------------------------------- ------------------------------------------------------------
  Crop              0.41±0.03                                                    0.39±0.04                                                     0.47±0.07                                                     0.44±0.12
  Proventriculus    0.34±0.02                                                    0.36±0.02                                                     0.40±0.07                                                     0.46±0.01
  Heart             0.47±0.03                                                    0.45±0.04                                                     0.51±0.03                                                     0.43±0.04
  Liver             1.76±0.07                                                    1.59±0.12                                                     1.57±0.17                                                     1.54±0.10
  Gizzard           1.06[b](#tfn7-ajas-25-8-1159-14){ref-type="table-fn"}±0.04   1.01[b](#tfn7-ajas-25-8-1159-14){ref-type="table-fn"}±0.03    1.25[a](#tfn7-ajas-25-8-1159-14){ref-type="table-fn"}±0.08    1.27[a](#tfn7-ajas-25-8-1159-14){ref-type="table-fn"}±0.03
  Pancreas          0.15±0.01                                                    0.16±0.01                                                     0.17±0.02                                                     0.15±0.01
  Kidney            0.65[a](#tfn7-ajas-25-8-1159-14){ref-type="table-fn"}±0.02   0.62[ab](#tfn7-ajas-25-8-1159-14){ref-type="table-fn"}±0.02   0.58[ab](#tfn7-ajas-25-8-1159-14){ref-type="table-fn"}±0.05   0.53[b](#tfn7-ajas-25-8-1159-14){ref-type="table-fn"}±0.03
  Small intestine   1.97±0.13                                                    2.14±0.11                                                     2.08±0.07                                                     2.17±0.25
  Large intestine   0.19[a](#tfn7-ajas-25-8-1159-14){ref-type="table-fn"}±0.03   0.12[b](#tfn7-ajas-25-8-1159-14){ref-type="table-fn"}±0.02    0.12[b](#tfn7-ajas-25-8-1159-14){ref-type="table-fn"}±0.01    0.11[b](#tfn7-ajas-25-8-1159-14){ref-type="table-fn"}±0.02
  Ceca              0.42±0.05                                                    0.30±0.03                                                     0.39±0.03                                                     0.40±0.06
  Abdominal fat     1.81±0.13                                                    2.14±0.33                                                     2.06±0.30                                                     1.99±0.13

Values with different superscripts in the same row differ significantly (p\<0.05).

NC = Negative control (basal diet); PC = Positive control (basal diet with 0.005% Chlortetracycline); ACP = *Alisma canaliculatum* with probiotics.

###### 

Effect of *Alisma canaliculatum* with probiotics on fatty acid composition of breast meat (g/100 g total fat) (n = 15 for each treatment)

  Parameter[1](#tfn11-ajas-25-8-1159-14){ref-type="table-fn"}   Treatments                                                                                                                                                                                 
  ------------------------------------------------------------- ------------------------------------------------------------- -------------------------------------------------------------- ------------------------------------------------------------- -------------------------------------------------------------
  Myristic acid (C14:0)                                         0.65±0.02                                                     0.69±0.12                                                      0.69±0.03                                                     0.70±0.02
  Palmitic acid (C16:0)                                         25.03±0.43                                                    25.12±0.61                                                     25.30±0.38                                                    25.46±0.26
  Palmitoleic acid (C16:1n7)                                    4.53±0.15                                                     4.40±0.26                                                      4.91±0.16                                                     4.90±0.46
  Stearic acid (C18:0)                                          13.88±0.47                                                    13.78±0.65                                                     13.68±0.40                                                    13.32±0.45
  Oleic acid (C18:1n9)                                          37.55±0.63                                                    37.45±0.49                                                     39.62±0.45                                                    38.25±0.52
  Linoleic acid (C18:2n6)                                       10.98±0.17                                                    10.71±0.25                                                     10.44±0.42                                                    10.33±0.14
  α-linolenic acid (C18:3n3)                                    0.73±0.06                                                     0.88±0.07                                                      0.88±0.16                                                     0.84±0.10
  Eicosenoic acid (C20:1n9)                                     2.53±0.23                                                     2.93±0.32                                                      2.47±0.39                                                     3.01±0.37
  Arachidonic acid (C:20:4n6)                                   2.39[a](#tfn9-ajas-25-8-1159-14){ref-type="table-fn"}±0.24    2.14[ab](#tfn9-ajas-25-8-1159-14){ref-type="table-fn"}±0.07    1.57[b](#tfn9-ajas-25-8-1159-14){ref-type="table-fn"}±0.23    1.60[b](#tfn9-ajas-25-8-1159-14){ref-type="table-fn"}±0.19
  Eicosapentaenoic acid (C20:5n3)                               0.46±0.01                                                     0.53±0.07                                                      0.52±0.06                                                     0.63±0.15
  Docosahexaenoic acid (C22:6n3)                                1.25[a](#tfn9-ajas-25-8-1159-14){ref-type="table-fn"}±0.04    1.40[a](#tfn9-ajas-25-8-1159-14){ref-type="table-fn"}±0.15     0.92[b](#tfn9-ajas-25-8-1159-14){ref-type="table-fn"}±0.06    0.96[b](#tfn9-ajas-25-8-1159-14){ref-type="table-fn"}±0.03
  SFA                                                           39.57±0.67                                                    39.59±0.71                                                     39.67±0.32                                                    39.48±0.61
  MUFA                                                          44.62±0.70                                                    44.78±0.44                                                     46.00±0.52                                                    46.17±0.68
  PUFA                                                          15.81[a](#tfn9-ajas-25-8-1159-14){ref-type="table-fn"}±0.42   15.64[a](#tfn9-ajas-25-8-1159-14){ref-type="table-fn"}±0.31    14.34[b](#tfn9-ajas-25-8-1159-14){ref-type="table-fn"}±0.32   14.36[b](#tfn9-ajas-25-8-1159-14){ref-type="table-fn"}±0.36
  PUFA/SFA                                                      0.40±0.02                                                     0.39±0.01                                                      0.36±0.01                                                     0.36±0.01
  UFA/SFA                                                       1.53±0.04                                                     1.53±0.05                                                      1.52±0.02                                                     1.55±0.01
  n3                                                            2.44±0.03                                                     2.80±0.19                                                      2.32±0.17                                                     2.43±0.25
  n6                                                            13.37[a](#tfn9-ajas-25-8-1159-14){ref-type="table-fn"}±0.41   12.84[ab](#tfn9-ajas-25-8-1159-14){ref-type="table-fn"}±0.23   12.01[b](#tfn9-ajas-25-8-1159-14){ref-type="table-fn"}±0.34   11.93[b](#tfn9-ajas-25-8-1159-14){ref-type="table-fn"}±0.15
  n6/n3                                                         5.47±0.16                                                     4.65±0.29                                                      5.25±0.43                                                     5.04±0.45

Values with different superscripts in the same row differ significantly (p\<0.05).

NC = Negative control (basal diet); PC = Positive control (basal diet with 0.005% Chlortetracycline); ACP = *Alisma canaliculatum* with probiotics.

SFA = Saturated fatty acids; MUFA = Monounsaturated fatty acids; PUFA = Polyunsaturated fatty acids; n3 = Total omega 3 fatty acid; n6 = Total omega 6 fatty acid.

###### 

Effect of *Alisma canaliculatum* with probiotics on fatty acid composition of thigh meat (g/100 g total fat) (n = 15 for each treatment)

  Parameter[1](#tfn14-ajas-25-8-1159-14){ref-type="table-fn"}   Treatments                                                                                                                                                                                   
  ------------------------------------------------------------- -------------------------------------------------------------- -------------------------------------------------------------- -------------------------------------------------------------- --------------------------------------------------------------
  Myristic acid (C14:0)                                         0.81±0.37                                                      0.85±0.04                                                      0.83±0.03                                                      0.82±0.02
  Palmitic acid (C16:0)                                         24.19±0.82                                                     25.32±0.52                                                     25.06±0.47                                                     24.68±0.38
  Palmitoleic acid (C16:1n7)                                    5.74[b](#tfn12-ajas-25-8-1159-14){ref-type="table-fn"}±0.21    6.58[a](#tfn12-ajas-25-8-1159-14){ref-type="table-fn"}±0.10    6.21[ab](#tfn12-ajas-25-8-1159-14){ref-type="table-fn"}±0.24   6.99[a](#tfn12-ajas-25-8-1159-14){ref-type="table-fn"}±0.41
  Stearic acid (C18:0)                                          13.88±0.76                                                     14.16±0.73                                                     13.66±0.85                                                     13.76±0.38
  Oleic acid (C18:1n9)                                          39.54±1.16                                                     40.15±0.62                                                     40.76±0.66                                                     40.55±0.40
  Linoleic acid (C18:2n6)                                       11.63[a](#tfn12-ajas-25-8-1159-14){ref-type="table-fn"}±0.47   9.20[b](#tfn12-ajas-25-8-1159-14){ref-type="table-fn"}±0.26    9.98[b](#tfn12-ajas-25-8-1159-14){ref-type="table-fn"}±0.56    9.46[b](#tfn12-ajas-25-8-1159-14){ref-type="table-fn"}±0.33
  α-linolenic acid (C18:3n3)                                    0.65±0.05                                                      0.51±0.04                                                      0.61±0.03                                                      0.60±0.11
  Eicosenoic acid (C20:1n9)                                     1.56±0.05                                                      1.49±0.11                                                      1.35±0.06                                                      1.43±0.20
  Arachidonic acid (C:20:4n6)                                   1.03±0.18                                                      0.94±0.07                                                      0.93±0.12                                                      0.89±0.11
  Eicosapentaenoic acid (C20:5n3)                               0.25±0.03                                                      0.24±0.03                                                      0.24±0.04                                                      0.30±0.09
  Docosahexaenoic acid (C22:6n3)                                0.74[a](#tfn12-ajas-25-8-1159-14){ref-type="table-fn"}±0.09    0.59[ab](#tfn12-ajas-25-8-1159-14){ref-type="table-fn"}±0.06   0.41[b](#tfn12-ajas-25-8-1159-14){ref-type="table-fn"}±0.08    0.54[ab](#tfn12-ajas-25-8-1159-14){ref-type="table-fn"}±0.04
  SFA                                                           38.87±0.64                                                     40.32±0.41                                                     39.54±0.51                                                     39.25±0.17
  MUFA                                                          46.83±1.01                                                     48.22±0.68                                                     48.31±0.74                                                     48.96±0.39
  PUFA                                                          14.29[a](#tfn12-ajas-25-8-1159-14){ref-type="table-fn"}±0.71   11.47[b](#tfn12-ajas-25-8-1159-14){ref-type="table-fn"}±0.31   12.15[b](#tfn12-ajas-25-8-1159-14){ref-type="table-fn"}±0.65   11.79[b](#tfn12-ajas-25-8-1159-14){ref-type="table-fn"}±0.55
  PUFA/SFA                                                      0.37[a](#tfn12-ajas-25-8-1159-14){ref-type="table-fn"}±0.02    0.29[b](#tfn12-ajas-25-8-1159-14){ref-type="table-fn"}±0.01    0.31[b](#tfn12-ajas-25-8-1159-14){ref-type="table-fn"}±0.02    0.30[b](#tfn12-ajas-25-8-1159-14){ref-type="table-fn"}±0.02
  UFA/SFA                                                       1.58±0.04                                                      1.48±0.03                                                      1.53±0.03                                                      1.55±0.01
  n3                                                            1.64±0.15                                                      1.33±0.05                                                      1.25±0.10                                                      1.44±0.22
  n6                                                            12.66[a](#tfn12-ajas-25-8-1159-14){ref-type="table-fn"}±0.63   10.14[b](#tfn12-ajas-25-8-1159-14){ref-type="table-fn"}±0.03   10.90[b](#tfn12-ajas-25-8-1159-14){ref-type="table-fn"}±0.58   10.35[b](#tfn12-ajas-25-8-1159-14){ref-type="table-fn"}±0.40
  n6/n3                                                         7.90±0.68                                                      7.66±0.42                                                      8.83±0.61                                                      7.68±1.01

Values with different superscripts in the same row differ significantly (p\<0.05).

NC = Negative control (basal diet); PC = Positive control (basal diet with 0.005% Chlortetracycline); ACP = *Alisma canaliculatum* with probiotics.

SFA = Saturated fatty acids; MUFA = Monounsaturated fatty acids; PUFA = Polyunsaturated fatty acids; n3 = Total omega 3 fatty acid; n6 = Total omega 6 fatty acid.

[^1]: Department of Animal Science and Technology, Sunchon National University, Suncheon, Jeonnam 540-742, Korea
